Abstract-True hologram video displays are currently under development, but are not yet available. Because of this restriction, conventional 3D displays can be used with digital holographic data. However when using conventional 3D displays, holographic data has to be processed correctly to meet the requirements of the display. A unique property of digital holograms, namely that a single hologram encodes multiple perspectives, can be used to achieve this goal. Reconstructions from digital holograms at different perspectives are processed further to meet the requirements of the conventional 3D display, which are typically based on stereoscopic images of the scene.
INTRODUCTION
Holography is an imaging technique invented by Dennis Gabor in 1947, for which he got the Nobel prize in 1971 [1] . With holography it is possible to record and reconstruct realworld three-dimensional (3D) objects. A hologram is an image formed by interfering a laser beam with itself. This interference pattern can be recorded on a photographic plate, which requires chemical processing in the same manner as in conventional photography. Recent technical advancements have made it possible to replace this recording medium with a digital sensor like CCD (charged coupled device) or CMOS (Complementary metal-oxide-semiconductor), which are the same sensors used in digital photography. By using digital sensors we can talk about digital holography [2] . With digital holography both macroscopic and microscopic real-world 3D objects can be recorded [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The first commercial products, which are using digital holography, are from the field of 3D microscopy. Like conventional holography, digital holography also requires two different phases: recording and reconstruction. The reconstruction phase can be done numerically or optically. With a single capture of an object it is possible to extract 3D information encoded in a hologram. It is possible to extract multiple perspectives of the object from a single hologram. Also focusing on different depths is possible at the reconstruction phase. These two principles make holography a notable 3D imaging technique.
At this stage holographic displays are under research but actual holographic displays are not commercially available. This paper describes how conventional 3D displays can be used with holographic data. Holographic data for conventional 3D displays needs to be modified and processed before displaying. The unique properties of digital holograms can be used to obtain this.
Section 2 describes how a digital hologram's encoded perspectives can be used in data preparation. Section 3 describes different conventional 3D displays, their requirements for input data and how holographic data has to be processed to meet those requirements.
II. DIGITAL HOLOGRAMS'S ENCODED PERSPECTIVES
Digital holograms can be reconstructed from different perspectives because of the way they are recorded. A single hologram encodes multiple perspectives of the scene, which is unique character of a hologram. After recording the hologram, in the reconstruction process different parts of a hologram can be used to reconstruct a scene from different perspective. When hologram center is located at 0, 0 two different subsets of a hologram can be get as follows
From these subsets of a whole hologram the perspectives can be reconstructed as follows
where is the Fresnel approximation at any distance given by
where the full hologram λ is a wavelength of the light and • denotes a convolution operation.
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For a single view display a hologram reconstruction from one perspective is enough. When using digital hologram reconstructions as an input, this can be straight perspective of the scene and whole hologram data can be used. For the correct z this is
where D is the display in question. This is the case for the conventional 2D displays.
For the stereoscopic displays requirement for the input data is two different perspectives of the scene. These perspectives can be reconstructed for the correct z as follows In an anaglyph two different images, each one of them representing different perspective of the scene, are combined to a one image. Observer gets three dimensional effect because one eye sees image only from one perspective. If observer is wearing red-green glasses, the eye covered with the red filter sees the long wavelengths i.e. red but not green and blue, and the eye covered with the green filter sees shorter wavelengths i.e. green and blue but not red. The brain combines these two different images together and interprets the differences to be depth difference. In a colour display an anaglyph image can therefore be presented so that one eye image is made with red and the other eye image with green. Most likely, there is a luminance difference between the two images. However, because of the rather quick photopic (cone vision) light adaptation of the retina the eye automatically adapts to any luminance difference between the eyes quite rapidly. Big benefit of this technique is that multiple persons wearing same kind of filtered glasses can get three-dimensional impression of the scene. Downside of this approach is that colours cannot be seen properly. After reconstructing hologram from two different perspectives by using equations 1 -5 speckle filtering (for example Fourier filtering) is applied to the reconstruction. How digital hologram reconstructions are used to make anaglyphs is dependent of the filters on the glasses. First we define an empty array A(x,y,c) with same size than reconstruction, c is the number of channels. If one is using three different channels (RGB) it would be 3. R stands for red, G for green and B for blue channel. Depending of the filters on the glasses A gets different values. If glasses have a red filter in the left eye lens and a green filter in the right eye lens the process is
tered re om two different perspectives:
to giv (15) here x and y are pixels. t denotes a time.
recise and versatile typ search results, observer has to be positioned accurately to make sure that each eye gets (13) (14) Now with the left eye observer can see only the left reconstruction of the scene and with the right eye observer can see only the right reconstruction of the scene (Figure 1 ). Same procedure can be used with differently coloured lenses. In the data processing reconstructions from the left and right perspective has to be put in the correct colour channel. Shutter glasses are special glasses used with display e 3D impression to the viewer. Shutter glasses contain LCD and polarizing filter. With this polarizer LCD becomes dark over one eye while other LCD is transparent and image of the display can be seen. In synchronisation with the refresh rate of the screen different perspectives are shown to the viewer wearing the glasses. Synchronisation can be done by using different radio architectures or infra red. Process to prepare holographic data for shutter glass display is following
Mirror stereoscope displays are most p e of stereoscope for visual perception research purposes (Figure 2 ). With these displays it is guaranteed that right eye of the observer receives only the image meant for right eye and vice versa for the left eye of the observer. This kind of displays include different amount of mirrors and displays depending of the setup. Observer views the scene through mirrors where image from the display(s) is reflected.
To get accurate visual perception re correct image. One possibility is to use chin rest in front of the mirror apparatus. This restricts also mobility of these displays because building this kind of apparatus is arduous and timeconsuming. own that a single digital hol ional 3D displays. However h be processed to meet the requirements of the display and data processing is display-specific. We have described data preparation for different kind of conventional 3D displays. Other conventional 3D displays do exists but they are not covered here. They are left out of this because they are usually using the same principles than the displays described in this paper. The basic principle in the displays is that of a stereoscopic image pair, which gives the 3D impression to the observer when viewed appropriately. Also displays with multiple perspective view requirement can be implemented with digital holograms. Digital holograms are suitable for conventional 3D displays as long as holograms encode different perspectives.
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